T was isolated from landfill leachate in a solid-waste disposal site in Chengdu, Sichuan, China. An analysis of 16S rRNA gene sequences revealed that the isolate was closely related to members of the genus Pseudomonas, sharing the highest sequence similarities with Pseudomonas toyotomiensis HT-3 T (99.8 %), Pseudomonas alcaliphila AL15-21 T (99.7 %) and
The genus Pseudomonas is a metabolically and genetically diverse bacterial group that comprises, at the time of writing, more than 120 species with names that have been validly published (Pascual et al., 2012; Kämpfer & Glaeser, 2012) . They play important roles in decomposition of organic matter, denitrification in the nitrogen cycle and promotion of plant growth. They can also act as plant and animal pathogens (Palleroni, 1993 (Palleroni, -1994 Carlson & Ingraham, 1983; Kämpfer & Glaeser, 2012) .
During the study of nitrogen removal from wastewater, a dissimilatory nitrate-reducing bacterium, designated strain MBR T , was isolated from landfill leachate in a solid-waste disposal site in Chengdu, Sichuan, China. Specifically, a sample from leachate was cultivated for 10 days at 28 u C with shaking at 140 r.p.m. in the enrichment medium containing solution A (1.0 g KNO 3 , 5.0 ml of a solution of 1 % Bromothymol Blue in alcohol, 500 ml distilled water) and solution B (8.5 g sodium citrate, 1.0 g KH 2 PO 4 ,1.0 g MgSO 4 . 7H 2 O, 0.05 g FeCl 3 . 6H 2 O, 0.2 g CaCl 2 . 2H 2 O, 500 ml distilled water) in equal proportions. The culture was then transferred [1 % (v/v) inoculum] into NCTS medium (1.0 g KNO 3, 1.0 g KH 2 PO 4 ,1.0 g MgSO 4 . 7H 2 O, 0.05 g FeCl 3 . 6H 2 O, 0.2 g CaCl 2 . 2H 2 O, 6.9 g sodium citrate and 1000 ml distilled water, pH 7.0), and cultivated under the same conditions as described above. When ammoniacal nitrogen in the culture solution was detected according to Clescerl et al. (1998) , serial dilutions of the culture were made and spread on NCTS agar (1.5 %). Finally, a bacterial strain with capacity for dissimilatory nitrate reduction to ammonium, named MBR T , was isolated. A pure strain of MBR T was maintained at 280 u C as a suspension in Luria-Bertani (LB) broth (0.5 % yeast extract, 1 % tryptone, 1 % NaCl, pH 7.0) supplemented with 20 % glycerol.
Recently, we found that strain MBR T could produce ammonia from nitrate using either organic matter or electrode as the sole electron donor in a double chamber bio-electrochemical system, which further expanded the range of metabolic reactions and the recognition of dissimilatory nitrate reduction in various ecosystems (Su et al., 2012) . Strain MBR T displayed electrochemical activity in microbial fuel cells by excreting phenazine-1-carboxylic acid to transfer electrons under alkaline conditions (Zhang et al., 2011b) . In addition, strain MBR T was able to reduce many metals, such as Fe (III), Mn (II), Cu (II), Ni (II), Cd (II), Co (II), Al (III), Se (IV) and Te (IV), as electron acceptors to elementary forms Zhang et al., 2011a) , and non-metal selenite to elemental red selenium under aerobic conditions (Jiang et al., 2010) . It was suggested that strain MBR T may have developed highly efficient energy conversion and electron transfer strategies for reducing metal or non-metal ions (Zhang et al., 2011b) , which had potential in toxic heavy metal bioremediation and biological metallurgy .
In this study, the taxonomic position of strain MBR T was determined by using a polyphasic approach, including phenotypic characterization as well as phylogenetic and genetic methods. The type strains of species closely related to strain MBR T , Pseudomonas toyotomiensis HT-3 T , Pseudomonas alcaliphila AL15-21
T and Pseudomonas oleovorans ATCC 8062 T , were used as reference strains for DNA-DNA hybridization, determination of fatty acid composition and phenotypic characterization. Unless otherwise mentioned, these strains were cultivated on LB agar at 30 u C.
Phenotypic characterization, such as Gram staining, production of catalase and oxidase, hydrolysis of gelatin, casein and starch, arginine dihydrolase activity, nitrate reduction and H 2 S production, was determined according to Noel & Penelope (2011) . Growth in LB broth for 2 days was assessed at 4, 10, 20, 30, 37 and 41 u C, at pH 5, 6, 7, 8, 9 and 10, and with 0, 2, 4, 6, 8 and 10 % (w/v) NaCl. Growth with different carbon sources was tested by using MicroPlates (GENIII; Biolog) following the manufacturer's instructions. Cell morphology and flagellation were observed by transmission electron microscopy and scanning electron microscopy (JSW-5900LV, Japan). The motility of cells was tested by the hanging drop method (Suzuki et al., 2001) .
Cells of strain MBR
T were 1.1-1.8 mm long and 0.4-0.5 mm wide, facultatively anaerobic, Gram-stain-negative, nonmotile, non-flagellated and non-sporulating short rods (Fig. S1 available in IJSEM Online). Cells were able to grow at 4-41 u C and pH 6-10 in the presence of 0-8 % (w/v) NaCl; they were positive for catalase, oxidase, nitrate reduction, arginine dihydrolase, gelatin liquefaction, production of H 2 S and indole, and hydrolysis of Tweens 20, 40 and 80, but negative for hydrolysis of casein. Detailed characteristics are summarized in Table 1 . Compared with the results of Yumoto et al. (2001) , Hirota et al. (2011) and Saha et al. (2010) , the physiological and biochemical characteristics of the reference strains obtained in this study were consistent with the original species descriptions except gelatin hydrolysis by P. alcaliphila AL15-21 T , and no significant variations were observed. Strain MBR T could be differentiated from the most closely related species, P. toyotomiensis HT-3 T and P. alcaliphila AL15-21 T , in being positive for H 2 S production and utilization of L-galactonic acid lactone, Dsalicin and methyl pyruvate, but negative for utilization of D-mannitol, glycerol, quinic acid and a-ketobutyric acid.
Genomic DNA was extracted using the TIANamp Bacteria DNA kit (Tiangen). The 16S rRNA gene was amplified with primers 27f and 1522r (Yumoto et al., 2001) , and three housekeeping genes (gyrB, rpoB and rpoD) were amplified by PCR according to Yamamoto & Harayama (1998) and Küpfer et al. (2006) . All gene sequences were cloned in Escherichia coli DH5a with pMD18-T Vector (TaKaRa) and sequenced on an ABI Prism 3730 XL DNA Sequencer. Related sequences taken from GenBank were aligned using the CLUSTAL X program, version 1.8 (Thompson et al., 1997) . Phylogenetic trees were reconstructed using the neighbour-joining (NJ), maximum-likelihood (ML) and maximum-parsimony (MP) methods in MEGA 5 (Saitou & Nei, 1987; Tamura et al., 2011) . The calculations of pairwise sequence similarity were carried out using the EzTaxon-e server (Kim et al., 2012) . The topologies of the trees were evaluated by bootstrap analysis based on 1000 resamplings.
Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain MBR T belonged to the P. oleovorans group (Fig. 1a) , sharing highest similarities with P. toyotomiensis HT-3 T (99.8 %) and P. alcaliphila AL15-21 T (99.7 %). Strain MBR T also showed high similarity to P. oleovorans subsp. lubricantis RS1 T (99.6 %), P. oleovorans ATCC 8062 T (99.4 %) and Pseudomonas pseudoalcaligenes ATCC 17440 T (99.3 %).
It is difficult to distinguish strain MBR T from its phylogenetic neighbours based on 16S rRNA gene sequence analysis. Multi-locus sequence analysis (MLSA) has been considered as a good tool to study the phylogeny of the genus Pseudomonas (Mulet et al., 2010) as well as a possible substitute for DNA-DNA hybridization procedures (Richter & Rosselló -Mó ra, 2009; Maiden et al., 1998) . The phylogenetic analysis of three housekeeping genes (gyrB, rpoB and rpoD) was also performed in this study. MLSA revealed that the gyrB gene sequence similarities between strain MBR T and its closest phylogenetic neighbours (P. toyotomiensis HT-3 T , P. alcaliphila AL15-21 T , P. oleovorans subsp. lubricantis RS1 T , P. oleovorans ATCC 8062 T and P. pseudoalcaligenes ATCC 17440 T ) were 95.2, 93.8, 89.9, 89.7 and 89.9 %, respectively. The respective rpoB gene sequence similarities were 93.6, 96.5, 93.2 and 93.2 % (no rpoB gene sequence data were available for P. oleovorans subsp. lubricantis RS1 T ). Levels of rpoD gene sequence similarity were 97.9, 97.4, 96.9, 95.2 and 95.1 %, respectively. According to the result of Saha et al. (2010) , P. oleovorans ATCC 8062 T and P. pseudoalcaligenes ATCC 17440 T represent the same species and isolate RS1 T represents a novel subspecies of P. oleovorans. Thus, strain RS1 T should be more closely related to P. oleovorans ATCC 8062 T and P. pseudoalcaligenes ATCC 17440 T than to other species of the genus Pseudomonas, but they fell within different subclusters in the NJ 16S rRNA gene phylogenetic tree (Fig. 1a) , indicating that phylogenetic analysis based on 16S rRNA gene sequences does not discriminate the genus Pseudomonas sufficiently at the inter-species level. By contrast, they clustered closely together in the NJ tree reconstructed based on gyrB, rpoB and rpoD gene sequences, respectively (Fig. S2) , indicating that phylogenetic trees generated from these three housekeeping genes exhibited higher resolution at the species level than that based on 16S rRNA gene sequences. Sequences of four genes (16S rRNA, gyrB, rpoB and rpoD) were also concatenated and a phylogenetic tree was reconstructed. The concatenated phylogenetic tree (Fig. 1b) T (95.3 %), and the type strains of other species of the genus Pseudomonas (,95 %). The similarities between strains were all above the minimum intra-group similarity (93.95 %) within the P. oleovorans group (Mulet et al., 2010) , supporting the suggestion that strain MBR T is a member of this group. Moreover, when the NJ tree based on the concatenated gene sequences was compared with the ML tree and the MP tree, no significant differences were found (data not shown), indicating that the main lineages are well represented in the NJ tree.
The G+C content of the genomic DNA was determined according to Tamaoka & Komagata (1984) . DNA-DNA hybridization was conducted using the spectroscopic method described by De Ley et al. (1970) and Huss et al. (1983) . The DNA G+C content of strain MBR T was 61.9 mol%. Mean (±SD) levels of DNA-DNA relatedness between strain MBR T and its phylogenetic neighbours, P. toyotomiensis HT-3 T , P. alcaliphila AL15-21 T and P. oleovorans ATCC 8062 T were 61.3±1.8 % (n53), 51.5±0.8 % (n53) and 57.8±1.7 % (n53), respectively. These values are lower than the threshold of 70 % for species delineation (Wayne et al., 1987) , suggesting that strain MBR T represents a novel species of the genus Pseudomonas.
Whole-cell fatty acids were analysed as described by Sasser (1990) . Strain MBR T was cultured on nutrient broth agar at 30 u C for 24 h (to reach the late-exponential phase). P. toyotomiensis HT-3 T , P. alcaliphila AL15-21 T and P. oleovorans ATCC 8062
T were used as reference strains in analysis of the fatty acid composition. The fatty acid profile of strain MBR T is shown in Table 2 . The four strains had similar fatty acid profiles, in which C 18 : 1 v7c/C 18 : 1 v6c, C 16 : 0 and C 16 : 1 v7c/ C 16 : 1 v6c were the major components. Interestingly, the physiological and biochemical characteristics of the reference Hydrolysis of:
Tweens 20, 40 and 80 + + + 2 Growth at/with: strains obtained in this study were consistent with the original species descriptions except gelatin hydrolysis by P. alcaliphila AL15-21 T (Table 1) , and no significant variations were observed. However, major variations were observed in the fatty acid profiles (Table 2) . Specifically, the contents of saturated fatty acids determined in this study were similar to those previously described (Yumoto et al., 2001; Saha et al., 2010; Hirota et al., 2011) , but unsaturated fatty acids, such as C 18 : 1 v9c and C 16 : 1 v9c that were the major fatty acids in P. toyotomiensis HT-3 T (Hirota et al. 2011) and P. alcaliphila AL15-21 T (Yumoto et al., 2001) , were not detected in this study. Instead, the major unsaturated fatty acids were C 18 : 1 v7c/C 18 : 1 v6c and C 16 : 1 v7c/C 16 : 1 v6c, similar to the results of Saha et al. (2010) and Xin et al. (2009) . Quinone analysis was done according to Romano et al. (2001) and strain MBR T had a ubiquinone (Q-9) system, which is in agreement with the description of the genus Pseudomonas (Palleroni, 2003) .
Based on the results presented, strain MBR T is considered to represent a novel species of the genus Pseudomonas, for which the name Pseudomonas chengduensis sp. nov. is proposed.
Description of Pseudomonas chengduensis sp. nov.
Pseudomonas chengduensis (cheng.du.en9sis. N.L. fem. adj. chengduensis pertaining to Chengdu, where the type strain was isolated).
Cell are Gram-stain-negative, facultatively anaerobic, nonmotile, straight rods, 1.1-1.8 mm long and 0.4-0.5 mm wide. Colonies are circular and white with entire edges. Able to grow at pH 6.0-10.0, at 4-42 u C and in the The type strain is MBR T (5CGMCC 2318 T 5DSM 26382 T ), isolated from landfill leachate, in Chengdu solid-waste disposal site in Sichuan, China. The DNA G+C content of the type strain is 61.9 mol%. 
